Density functional theory (DFT) calculations using the B3LYP, M05-2X and M06-2X functionals were employed in the study of basicity of allenes incorporated in seven-membered rings. These highly unstable species upon protonation give thermodynamically very stable tropylium cations, which are the origin of their extremely high basicity. An endocyclic allene -tropylium cation sequence was used for the design of novel hydrocarbon superbases, with calculated gas phase proton affinities exceeding well above 300 kcal mol À1 .
Neutral organic superbases are of theoretical and synthetic interest, in particular their importance as aprotic and metalfree catalysts in organic reactions increases rapidly. 1 Therefore, the design of novel superbasic molecules is an active research field. 2, 3 As a result, several functional groups with superbasic properties were identified: amidines, guanidines, 4 biguanides, 5 phosphazenes, 6 and carbenes. 7, 8 Further increase in the basicity was achieved by imposing unfavourable interactions in the neutral form of the molecules, which are weakened upon protonation (proton sponges). 9 Other effects that are employed in the design of superbases are the stabilization of protonated forms by resonance or intramolecular hydrogen bonding. 10 For additional increase in basicity, various substituents were attached to delocalise the positive charge.
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We report here an in silico design of novel extremely basic hydrocarbon molecular systems. It is based on the cyclic allenetropylium cation concept, where the incorporation of an allene moiety in a cycloheptadiene ring distorts the allene moiety from the ideal linear geometry to a less stable species. Upon protonation at the central carbon atom of the allene moiety the effective positive charge stabilization by the resonance of the tropylium cation and its aromatic character giving a highly stable system favors this process (Scheme 1). Cyclohepta-1,2,4,6-tetraene 1 is a known compound 12 and it was shown that free 1 instantaneously yields 7-ethoxycyclohepta-1,3,5-triene if generated in ethanolic solution through the protonation of 1. 13 Apparently, the basicity of 1 is high enough to cause its smooth conversion by HOEt and DOEt into (deutero)tropylium ethoxide. In addition to the estimation of basicities of 1 and its derivatives, investigation of their electronic structure is of interest, since the nature of binding in small ring endocyclic allenes (allene vs. carbene) was the subject of intensive discussion. 14 These cyclic bent allenes are of importance in various organometallic reactions. 15 Structures of 1 and azuleno 16 allenes 2-19 ( Fig. 1 ) and their protonated forms were optimized by the B3LYP/6-31G(d), M052X/6-31G(d) and M062X/6-31G(d) methods and their gas phase basicities were calculated (for details see the ESI †). The results clearly favour cyclic allene-type structures over carbenes. These computationally studied exocyclic allenes possess extremely high basicity, as assessed by gas phase proton affinities (PAs) and basicities (GB) ( Table 1 ). The proton affinities of the bases defined as a negative value of the enthalpy change for the protonation reaction (Scheme 1) of studied molecules vary from 262.5 to 350.9 kcal mol À1 at the B3LYP/6-311+G(d,p)//B3LYP/6-31G(d) level (Table 1) . These values are significantly larger than 245 kcal mol À1 (PA of dimethylaminonaphthalene) thus designating allenes 1-14 as organic superbases in the gas phase. The borderline of 300 kcal mol
À1
signifies the threshold for hyperbasicity, 3 indicating that allenes at the same computational level. PAs obtained in our study are well above previously calculated values for allenes. 8, 17, 18 Analysis of results obtained by DFT calculations reveals that the fusion of five and seven-member rings leads to increased basicity by better delocalization of positive charge upon protonation. The enhanced basicity of 1,1-spiroalkylated azulenoallene 3 is attributed in the literature 19 to the stabilization of both the inductive and s-p conjugation effects of the exocyclic ring at the 1-position and the p-p conjugation of the double bond at the 2,3-positions in the respective 1H-azulenium cation. Presumably, the same effects stabilize the cations of 5, 7 and 9. Further increase in the basicity of endocyclic allenes could be achieved by the strategic attachment of substituents, which efficiently stabilizes positive charges such as the dimethylamino group (1/13, 6/14, and 17/18). In addition, the positioning of allene terminal carbon atom at the ring junction of five and seven-membered rings was found to further destabilize the endocyclic allene system (by 5 kcal mol À1 , 2/4 and 6/8 pairs).
A similar relative basicity order was obtained for gas phase basicities (GB) reaching extremely high value (352.7 kcal mol À1 )
for 18 at the B3LYP/6-31G(d) level, while the lack of experimental values precludes the establishment of pK a correlation for allenes. However, an estimate of pK a values in acetonitrile using the correlation devised for guanidines 20 still follows the trend of gas phase basicities, indicating that allenes listed in Table 1 have pK a values in acetonitrile (B3LYP) within the range of 32-60. The most basic is allene 18 with the pK a value certainly well above 50 pK a units. Geometrical distortions imposed by the cyclic framework on the allene moiety and structural changes caused by protonation at the central carbon atom of the allene moiety are illustrated in Fig. 2 for azulenoallene 4.
The C 1 QC 2 QC 3 angles in endocyclic allenes 1-19 vary from 131.21 to 146.41, and the out-of-plane angles (C 1 QC 2 QC 3 -C 4 ) are within a range of 17.8-33.91, indicating a large deviation from the ideal allene geometry (1801 and 451, respectively). As a consequence of this distortion, the orbital overlap is not ideal and the double bonds are weakened; this is evidenced by the average allene C 1 QC 2 /C 2 QC 3 distances of 1.330-1.375 Å, which are significantly elongated in comparison to the parent allene (1.309 Å). These geometrical features are reflected on the CQC bond orders and hybridisation of the central allene carbon atom, which changes, for instance, from sp 1 in parent 1,4-dimethylallene to sp 1.29 in 15 (Table S1 , ESI †). Upon protonation at the central allene carbon and its rehybridisation, effective cyclic conjugation is increased, which is demonstrated by the decreased bond alternation in the tropylium ring, such as for 4/4H + , as well as by the planarization of the cationic structure. 
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In conclusion, endocyclic allenes are recognized as potent neutral organic superbases and their unprecedented basicity was estimated by DFT calculations. Results suggest that they could effect in situ generation of anions and deprotonation of common organic solvents such as acetonitrile or DMSO.
Computational methodology
Calculations were performed using the Gaussian03 suite of programs. Geometry optimizations were carried out at the DFT level employing B3LYP, M052X and M062X hybrid functionals in conjunction with the 6-31G(d) basis set. Harmonic vibration frequencies were calculated to verify that the stationary structures are minima. Single point calculations were conducted, at the B3LYP/6-311+G(d,p) level, using B3LYP/6-31G(d) optimized structures. Gas phase basicity (GB) was calculated as the Gibbs free energy change of the protonation reaction. Proton affinities in the gas phase and pK a values in acetonitrile were calculated using equations given in the ESI. †
